Abstract: Human contamination of Antarctic environments is a sensitive issue and has been the focus of many research articles over the past 35 years. The majority of these studies have targeted waste materials and various hydrocarbons, with assessment of microbial contaminants being largely restricted to sewage outfalls. The present study aimed to detect bacteria of human origin in the area surrounding Halley research station. It was apparent from both molecular and culture methods that bacteria of human origin are extremely difficult to detect outside the immediate surrounding of the buildings, though recommendations are made for increasing the probability of determining the presence of organisms in the environment. The results also indicate that molecular methods are more sensitive than cultural techniques, in that the only evidence for organisms in the environment surrounding the buildings came from positive PCR reactions. PCR would appear to be a useful method for studying the microbial ecology of Antarctic environments.
Introduction
Human activities in Antarctica were mainly concerned with exploration andmapping until the 1950s. Since then scientific activities have steadily increased in diversity, compexity and spatial extent such that many parts of the continent have now been visited by man. More recently, tourism has begun to increase the environmental impact humans are having on the coastal Antarctic ecosystem (Enzenbacher 1992) . The Protocol for the Protection of the Antarctic Environment signed in 1991 indicates the extent of international concern for protecting the still pristine quality of most of the continent. Contamination has been a sensitive issue and numerous published articles catalogue the measurement of wastes (Kriwoken 1991) , hydrocarbons (Platt & Mackie 1980 , Cripps 1992 and physical damage (Scott & Kirkpatrick 1994) resulting from human activity. Other research has focused on the numbers of non-indigenous organisms imported into the region (Crafford & Scholtz 1987 , Pugh 1994 .
Studies of a microbiological nature have largely been focused on the disruption of existing Antarctic microbial ecosystems. Cameron (1972) noted that this could be by changes in biodiversity, in ecosystems, or to habitats, whilst White (1996) also suggests that the introduction of transmissible genetic elements, plasmids and 'phage, in new microbes should be considered. Cameron et al. (1977) proposed that the monitoring of important microbial communities should be imFlemented where the impact of human activity was likely to be high. From the opposite perspective of determining what organisms were being introduced from human sources, little is known; sewage outfalls (McFeters et al. 1993) and drinking water supplies (Harker 1989 ) have been studied. The epidemiology of the bacterial flora of humans in Antarctic bases has been extensively studied (Vickers et al. 1985 , Maggs & Pennington 1989 , Tzabar & Pennington 1991 , Kerr et al. 1993 , Hobson et al. 1995 .
The present British Antarctic Survey Halley station (75"35'S, 26"22'W) is situated on the floating Brunt Ice Shelf, 15 km inland from the Weddell Sea and 200 miles north of the nearest rock exposure or soil deposit. There are no animals or plants indigenous to the local area, though emperor penguins and skuas occasionally visit the site. Clearly, microorganisms will not be present in readily detectable numbers in the snow environment surrounding the base. This is largely due to the lack of soil at the site and the associated absence of nutrients and protective microniches. For these reasons, in the summer of 1994-95 Halley was chosen as the site for a feasibility study that aimed to detect microbial flora of human origin within the station and in the surrounding environment, thus highlighting any significant contamination of the area. The sensitivity of the in vitro DNA amplification technique, the polymerase chain reaction (PCR) makes it an ideal technique for use in such a study, in theory facilitating the detection of a single microorganism (Bej et al. 1991) .
Materials and methods

The study site
Halley V station consists of three buildings on platforms that stand 4.5 m above the snow surface and are 300 m apart. This study focused on the accommodation block (ACB) and an area up to 200 m around the building. The prevailing wind direction is from the west and sample collection was concentrated in areas down wind of the ACB.
Snow sample collection
Snow samples (10-20 ml) were collected in sterile plastic Universal bottles (Sterilin) using a sterile spatula. Sampling sites (Tables I & 11) were in unbroken ground and, where possible, were approached from downwind. Every effort was made to eliminate contamination of samples during collection. Samples were returned to the ACB following collection and either stored at -20°C or analysed immediately.
Microbiological detection of bacteria
Sterilemedical cottonwool swabswerewettedwith200pl of DNA free water and used to swab 20 cm2 surfaces in the dining room, dormitory corridor, an inlet air vent in the laboratory, the laboratory, the platform outside the main entrance to the ACB, the roof of the ACB directly below an outlet air vent hood and from inside the air vent hood, and in the surgery. The matter collected on the swabs was placed in sterile microfuge tubes and aliquots used to inoculate Columbia agar plates (Peptone, 23.0 g; starch, 1.0 g; NaCl, 5.0 g; agar, 1O.Og; distilledwater, 11: Oxoid, Hampstead, UK). Columbia agar was chosen as it is a relatively non-selective medium used for the growth of human commensals. The remaining solutions were stored at -20°C. Plates were also inoculated with snow and water samples. Columbia agar plates were placed, with lids removed for 15 min, on surfaces that had been used for collection of samples by swabbing and in areas outside the ACB. These plates are subsequently referred to as settle plates. All plates were incubated at 37°C for up to three days as these conditions are known to be adequate for growth of many human commensals.
Molecular methods for detection of bacteria
Aliquots (100 pl) of snow and of water collected from the above swabs as well as resuspended colonies from settle plates, were subject to a general lysis step involving heating to 98°C for 10 min on a thermal cycle block (Tehne PHC-3) with or without the addition of the detergent sodium dodecyl sulphate (SDS; final concentration, 1%; Sigma). Subsequent treatment of samples prior to PCRvaried. A number of boiled suspensionswereused directly as a template in PCR reactions, or first centrifuged at 13 000 g for 2 min. Several reactions were duplicated and the supernatant obtained following sample centrifugation was treated with ethanol to 70% and following cooling at -20°C for 1 hour DNA was pelleted by centrifugation at 13 OOOg for 20 min. All traces of ethanol wereremovedby air drying andDNApelletswereresuspended overnight at 4°C in 30 p l TE (10 m MTris-HCL, pH 8.0; 1 m M EDTA). Aliquots (1 p1) of the resuspended pellets were then used in PCR reactions.
PCR reactions (20 pl) contained template DNA from samples, universal eubacterial 16s rDNA primers Po and Pc3 (Wilsonet al. 1990 ) and dNTPs, reaction buffer and Taq DNA polymerase as recommended by Boehringer Mannheim, and were overlaid with 50pl sterile mineral oil. The cycling conditionsfor PCR were as follows: 94°C for 4 min; 30 cycles of 94°C for 1 min, 50°C for 1.5 min, 72°C for 1.5 min; and a final cycle held at 72°C for 5 min. Negative control (Maniatis et al. 1982) . A PCR product of 1.6 kb indicated a positive reaction. Facilities were not available for photographing gels under UV transillumination.
To decrease the likelihood of contamination and false positive results, PCR reactions were prepared in the medical office, whereas amplification cycles were carried out, and agarose gels were run, in the surgery adjacent to the office.
Results
Culture methods for detection of bacteria Columbia agar settle plates indicated the general numbers of colony forming units (cfus) of viable bacteria and fungi in and around the ACB. No attempt was made to identify colonies to the genus or species level. Growth was observed on all plates exposed inside the ACB, though the only propagules detected outside the station were those seen on a plate placed directly beneath the extractor fan on the roof (Table I) . Columbia agar plates were also inoculated with swabs taken in and around the ACB and with snow and water samples. Bacterial and fungal growth was observed on all plates inoculated with matter resuspended from swabs and with tap water (Table I) . No colonies were observed on plates inoculated with snow samples.
Molecular methods for detection of bacteria
Potential target DNA for the PCR was obtained from a variety of sources using pretreatment regimes, to release DNA from samples, which ranged from simple boiling to an ethanol precipitation procedure (Table 11 ). Positive PCR reactions were obtained when growth on settle plates was resuspended in DNA free water and heated to 98°C for 10 min. When matter resuspended from swabs taken on the roof of the ACB below an exhaust fan hood and in front of the main entrance to the ACB was treated in a similar manner, faint bands were visible in agarose gels. A stronger positive was seen when swab material from the dining room was subject to an ethanol precipitation.
The only positive reactions observed for snow were those seen when a surface sample from the waste dump, and one taken l m below the surface, 50 m downwind of the ACB, were heated to 98°C for 10 min prior to PCR (Table 11 ). The former sample gave the weaker reaction of the two. All other snow samples gave negative PCR reactions irrespective of the pretreatment used.
Discussion
Detection of bacteria in the environments surrounding Antarctic bases will lead to a greater understanding of the overall impact man is having on the environment. Halley was chosen for the present study as the PCR is a highly sensitive technique and it was assumed that the low level of background microflora at the site would greatly reduce the occurrence of false positive results. At a site such as South Georgia contamination from indigenous animals would render any results impossible to interpret without the use of more selective primers or complex further examination using, for example, DNA cloning and sequence analysis or oligonucleotide probing methods (DeLong 1992) .
Culture based techniques for assessing bacterial flora have previously been used in the Antarctic (Grimmond 1988 , Harker 1989 , McFeters et al. 1993 . However, these are highly selective methods, only recovering the type of organisms present in the environment that can utilize the nutrients in the chosen medium. This problem has been acknowledged in studies of Antarctic soil samples with direct counts being reportedly five to six orders of magnitude higher than plate counts (Smith & Tearle 1985 , Ramsay & Stannard 1986 and has lead to the naming of some soils as 'sterile' (Boyd et al. 1966 , Cameron et al. 1968 , Cameron & Ford 1974 . PCR can be used to detect the DNA of virtually all organisms in an environmental sample and is, thus, much less selective a technique. It will also indicate the presence of non-viable, in addition to viable, organisms. However, PCR can be difficult to optimise and, as seen in this study, positive results may sometimes be more readily obtained using culture methods.
Several culture based studies into the microbial ecology of the Antarctic have focused on snow and ice samples (reviewed by Abyzov 1993) and bacteria normally present in the atmosphere of northern latitudes have been found in low numbers in Antarctic ice (Lacey et al. 1970 . Previous studies report that sample volumes of between 50 ml and 4 1 are required for culture of organisms (Darling & Siple 1941 , Abyzovet al. 1982a . It was thought that the sensitivity of PCR would overcome this problem.
The majority of microbiological studies have focused on the analysis of soil and the findings have been extensively reviewed (Block 1984 , Vincent 1988 , Wynn-Williams 1990 , Vishniac 1993 . Direct comparisons between the results of the present study and those previously published are of limited value due to the absence of soil at Halley. However, using culture based techniques, attempts were made in the present study to identify the numbers of viable organisms surviving in the environment inside and surrounding the base and the data produced can be assessed in light of previous findings. The Columbia agar settle plates used in this study demonstrated that detection of viable bacteria was 1imitedtoinsidetheACB andontheroofwhere theventilation system exited the building. This is perhaps not surprising as the building stands 4.5 m above the surface of the ice shelf and detection of viable cells at any distance from the building is improbable due to wind dispersal and the harsh, snow/ice environment. Viable bacteria have reportedly been recovered from Antarctic permafrost samples up to one million years old (Cameron & Morelli 1974) and in Antarctic ice sheet samples up to 13 000 years old (Abyzov et al. 1982b ) though thelarge samplevolumesinvolved areliable to contamination given the very small number of bacteria isolated. The greater sensitivity of PCR allowed small volumes to be used requiring less processing. At study sites where soil and plants were present, reported numbers of bacteria growing on 'nonselective' media range from lo2 cfusg-'dry soil (Baker 1970) to more than lo7 (Pietr 1986 , Bolter 1989 or 10' cfus g ' dry soil (Wynn-Williams 1985) . In one particular study, bacteria and fungi reported to be of human origin, were detected in numbers reaching lo7 per gram of soil up to 100 m from the Japanese station at Syowa (Toyoda et al. 1986 ). The contrasts between the findings of the present study and previously reported numbers of bacteria can be attributed to the fact that enhanced survival of organisms in soil would be expected in comparison with the environment found on an iceshelf.
Obtaining positive PCR results from colonies picked from settle plates was expected as DNA would have been present in sufficient concentrations and possible Taq polymerase inhibitors were not present, whilst also indicating that organisms detectable by culture could be detected by PCR.
Using PCR, it would also appear that detection of bacteria from sites other than inside or on the surface of the building, is not readily possible, as demonstrated by the weak positive reactions obtained from resuspended swab material.
Wet waste, that is, food peelings etc., from the station is deposited on the snow surface at a site 200 m downwind of the ACB. A snow sample taken from this site did yield a weak positive PCR reaction, a result that would be expected due to the amount of food waste deposited here and the associated bacterial population. In contrast, no growth was observed on Columbia agar plates inoculated with snow from the waste dump. This finding would suggest that the DNA detected by PCR was perhaps from non-viable cells and that organisms deposited here quickly perish. In contrast, survival of human respiratory virus has been estimated to be up to 17 days in the environment outside South Pole station (Parkinson et al. 1982) . However, the viruses were maintained in cell culture during the study and would have been in a relatively nutrient rich and protective environment.
The strongest evidence for bacteria in the environment surrounding the base came from a weak PCR reaction using snow taken from l m below the surface. Any bacteria deposited on the surface of the iceshelf during the summer months could be exposed to high levels of UV radiation. The damage that this would inflict on DNA, notably thymine dimers, would render it undetectable by PCR. Organisms released into the environment in the dark winter months, however, would not be subject to this damage. Due to the annual levels of snow accumulation at Halley, it can be estimated that snow from 1 m below the surface had been deposited during the previous winter. This could explain the lack of positive results obtained from surface samples. The findings of this work suggest that, although human commensals can be detected inside the ACB, contamination levels in the environment surrounding Halley are extremely low. This could, in part, reflect the difficulty of detecting organisms in the small sample volumes used (50-500 p1) and the use of methods for concentration of snow and water samples could be considered (DeLong 1992) . However, the sensitivity of the PCR should reduce the problems associated with studying small samples and the molecular approach overcomes the limitations of culture based techniques.
Although PCR has been used to analyse organisms isolated, or samples collected, in the Antarctic and transported elsewhere (Dobson et al. 1993 , Hobson et al. 1995 , Voytek &Ward 1995 , to our knowledge this is the first published use of PCR in the Antarctic. The study demonstrates that PCR is a practical tool useful in studying aspects of Antarctic microbiology and ecologyin situ, without the need to transport materials great distances, avoiding the possible degradation of samples. As mentioned previously, studies at sites with background levels of bacteria higher than those found at Halley would be more difficult and involve further analysis. However, the transportation, to more sophisticated laboratories, of DNA pellets from positive PCR reactions would be possible and is preferable to the transport of large volumes of snow, water or soil.
